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Introduction
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* Wind stress at each time step is interpolated
from monthly mean climatological wind stress
from COADS (1945-1989).

* Volume transports at open boundaries are
specified from historical data.

Tsugarustrait | 5 | o35 | 085 | -1.45 | -1.55 | -1.05
(outflow)
LEIRILIEI G el 0.3 12 | 20 | 22 | 14
(inflow)

Unit: Sv, 1 Sv =106 m3s1
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The first step:

*From zero velocity and Tc
and Sc fields (Levitus).

*Wind stress from COADS
data & without flux forcing.

JD-360/JD-1

The final states are
taken as initial
conditions for the
second step

The second step:

*From the final states of the
first step.
*Wind stress from COADS

data & with flux forcing.

JD-360/JD-1

The final states are taken
as standard initial
conditions (V,,T,,S,) for
the experiments.




Experimental Design

I ™ T
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Uncertain velocity initialization processes

Uncertain wind stress

Uncertain lateral boundary transport

0

Combination of uncertainty




Experimental Design

Control Run *From the standard initial conditions

Ur,lc?ertam (Vo= Vipiso> To = Tipiso> So = Sipise/ -

Initial Lateral transport from historical data and Wind

Conditions stress from COADS data & with flux forcing.

Uncertain

Wind Forcing

Uncertain

Lateral

Transport

Erasiilatined The s.1mulate.d temperature and s.allmty ﬁelds
. and circulation pattern are consistent with

Uncertainty

observational studies (Chu et al. 2003).




Experimental Design

Control Run

Uncertain
Initial
Conditions
Uncertain
Wind Forcing

Uncertain
Lateral
Transport

Combined
Uncertainty

Experiment

Initial
Conditions

Wind Forcing

Lateral
Boundary
Conditions

Same as Run-0

Same as Run-0

_ v (Diag)

0o~ 1ip1go
So= Sipiso

Same as Run-0

Same as Run-0

— Y (Diag)

0 D180
So= Sipiso

Same as Run-0

Same as Run-0

_ v (Diag)
Vo _V90D >

0~ *ID180°
So= Sipiso

Same as Run-0

Same as Run-0




Experimental Design

Control Run

Uncertain
Initial
Conditions

Uncertain
Wind Forcing

Uncertain
Lateral
Transport

Combined
Uncertainty

Experiment

Initial
Conditions

Wind Forcing

Lateral
Boundary
Conditions

Same as Run-0

Adding Gaussian

random noise with
zero mean and 0.5
m/s noise intensity

Same as Run-0

Same as Run-0

Adding Gaussian

random noise with
zero mean and 1.0
m/s noise intensity

Same as Run-0




Experimental Design

Control Run

; . Initial . . Lateral Boundary
Uncertain Expertment Conditions Wind Forcing Conditions
Initial
Conditions Adding Gaussian

. random noise with
UI}CCI"[&III . Same as Run-0 | Same as Run-0 thp ZEro medn agd
Wlnd F OI'CIIlg noise intensity being

_ 5% of the transport
Uncertain (control run)
Lateral
T Adding Gaussian

I'ElIlSpOI’t random noise with
Combined Same as Run-0 | Same as Run-0 the #e10 meatl agd
U Y noise intensity being

neertainty 10% of the transport

(control run)




Experimental Design

Control Run

Uncertain
Initial
Conditions
Uncertain
Wind Forcing

Uncertain
Lateral
Transport

Combined
Uncertainty

Experiment

Initial
conditions

Wind forcing

Lateral Boundary
Conditions

_ 7/ (Diag)
VO - V3OD b
To = Tipisos
So= Sipiso

Adding Gaussian
random noise
with 1.0 m/s

noise intensity

Same as Run-0

_ v (Diag)
VO - V3OD 9
To=T;p1505
So=Sip1so

Same as Run-0

Adding Gaussian
random noise with
noise intensity being
10% of the transport
(control run)

_ v (Diag)
VO - VSOD b
To=T;p50,
So=Sip1so

Adding Gaussian
random noise
with 1.0 m/s

noise intensity

Adding Gaussian
random noise with
noise intensity being
10% of the transport
(control run)




Statistical Analysis Methods
Model Error : I Ay (x,y,z,t) = we(x,y,2,t) — We(x,),2,t)

Root Mean

Square Error RMSE(z,t) = \/
(RMSE) :

1

Ms
IV
=1 i=1

J

My Mk
Relative Root \/ZZ[A v, (xi, yi,2,0)" + Ay, (xi, ), 2, 1)2}
Mean Square RRMSE(z,t) =12
Error (RRMSE) : \/

vy Mx

A

J=li




Model Error
Distribution

* Horizontal
distribution

Model error is
decreasing with time.

Difference among the

four runs is not

significant.

Model Errors Due To
Initial Conditions

0
=
0=

o,
Tipigos
Sipiso

IS
)
=

Carnmuue

V, =

Sy =

(Diag)
V}OD 4

Ty =Typis0s

SJDISO

vV, =

(Diag)
V()OD 4

Ty =Tipis0

The 180" Day

(b) Max : 0.048645
Min : ~0.057586 :
Mean : 0.001112:
Std:0.013917 :

Max :0.0708

Min : =0.072591 -
Mean : 0.0012165
Std:0.015652 |

Difference among
each run is < 0.3 cm/s

MM: -0.081682 -
EMean : 0.0012111_
Std : 0.015997

(a) Max :0.031232 -
Min : -0.036032 -
Mean : -2.7768e+005
Std : 0.005071

2

P

.
(b) Max : 0.032314
Min : -0.046118 :
iffEan : -3.39%8e006
Std : 0.0051234

(C) Max : 0.028323
Min : -0.031532 ;
EMean:-2.334e-l 5
Std: 0.004324 !

Difference among each
run is <0.15 cm/s

Jax : 0.025082
Wn : -0.033286 -
Mean g -1.1551e~:-005
Std: 0.004373 !

135°E
Longitude

135°E
Longitude

135°E
Longitude

135
Longitude

-0.03 -0.02




Model Errors Due To
Initial Conditions

Model Error
Distribution

* Horizontal
distribution

* Histogram

Relative
Root Mean
Square Error
(RRMSE)

Model error is
decreasing with time.

Difference among the
four runs is not
significant.

INUMDEr O OCCUIrences

Number of occurrences Number of occurrences

Number of occurrences

Q
A1

(a)
| Total sample : 81730
4

FSTD © 0.023845

x 10*

(b}
Total sample : 81730
| 42751 samples = 0
38830 samples <0
STD : 0.021206

Q
| -0.05

x 10°

% 10% 180" Day

(a)
Total sample : 81730
38 s > 0
1804 samples ™
STD : 0.0084934

A -0.05

x 10*

Difference
among each

(c)
Total sample : 81730
| 43102 samples =0
38489 samples
STD : 0.022522

Q
A1 -0.05

run is < 0.2
cm/s

x 10*
3

(d)
Total sample : 8170
| 43123 samples
38481 samples

STD : 0.022776

-0.05

0 0.05

Model Error ( m/s )

(k)
Total sample : 81730
39886 samples = 0
40616 samples < 0
STD : 0.0082633

A -0.05

x 10*

(c}
Total sample : 81730
39617 samples =
40849 samples <
STD : 0.0074255

Difference
among each
run is < 0.1
cm/s

0]
A1 -0.05

x 10*
8

(d)
Total sample : 8173
39979 samples >
40512 samples <

STD : 0.0074409

-0.05 0]

0.05

Model Error { m/s )




Model Errors Due To
Initial Conditions

The 180" D
* Model Error , e ——

Distribution

e Relative
Root Mean
Square Error
(RRMSE)

* Vertical
Variation

26%
In Run 2

Sigma Depth (level)

Sigma Depth (level)

‘ In Run 1

0.5
RRMSE of W

* Temporal

Evolution

Effects to the horizontal
velocity prediction are
quite significant.

RRMSE of V

No obvious difference

th f 100 120 140 160
among these four runs. Time after model integration (Days)




Model Errors Due To
Wind Forcinc

5% Day 180" Day

* Model Error N ; f : ;

(a) fMax:o.ozssas : : (a) fwlax:o.ozngs :

Distribution Min : —0.020814 : : Min : —0.017191 :

Mean : 6.548e-005 : Mean : 0.00017596
Std : 0.003555 # Std : 0.0044493

* Horizontal
distribution
Larger model error

Latitude

Model error is
increasing with time.

Max : 0.042123 * : Max : 0.044023 *
Min : —0.038718 * Min : —0.030114 *
Mean : 0.0003849 Mean : 0.00057764

Experiment Wind Forcing Std : 0.0062038 Std : 0.0073368 :

Latitude

Adding Gaussian

random noise with
zero mean and 0.5
m/s noise intensity

Adding Gaussian
random noise with

vero mean and 1.0 T

m/s noise intensity 0. 0. 0. } 0.02

Longitude




Model Errors Due To
Wind Forcinc

* Model Error o 5 Day
Distribution |

* Horizontal
distribution

(a) (a)

- | Total sample : 81730 Total sample : 81730

[ 39400 samples = 0 ' | 30561 samples = 0
39659 samples = 0 41223 samples < 0

- STD : 0.0092304 . STD: 0.01041

* Histogram

e Relative
Root Mean —8.02 -0.01 . 0.02 —8.02 -0.01

Square Error x 10’
(RRMSE) |

Mumber of occurrences

T r - 10000
(b) (b)
 Total sample : 81730 1 8000 [ Total sample : 81730
39963 samples = 0 30850 samples = 0
.5 pA9619 samples < 1 6000471225 samples™
STD : 0.015481 g STD: 0.016544

Larger model error

2000}

MNUMmMmper or occurrences

Model error is
increasing with time.

0
-0.01 0 0.01 002 -0.02 -0.01 0 0.01
Model Error { m/s ) Model Error ( m/s )




Model Errors Due To
Wind Forcinc

The 180™ D
e Model Error :/"-‘k
Distribution : A=

e Relative
Root Mean
Square Error

In Run 6

Sigma Depth (level)

(RRMSE)

* Vertical
Variation

* Temporal

Evolution

=
.

Larger model error in
Run 6.

(=]

RRMSE of V

Effects to the horizontal
velocity prediction are

: foni 80 100 120 140
qulte SIgnlﬁcant' Time after model infegration (Days)




Model Errors Due To
Open Boundary Conditions

180" Day

5™ Day

* Model Error

(a) éMax:D.DBDQ13 : (a) éMax:D.061113

DiStributiOn Min : —0.031223 ; :xin 3 —-0.06985 g

Mean : 2.7226e-005
o Horlzontal EfiE) & IR Std : 0.0038055 :
distribution

Latitude

Larger model error

Model error is
increasing with time.

Max : 0.11589

Min : —0.12047 -
Mean : 0.00035469
Std : 0.0064776 :

Max : 0.11106
Min : —0.048468 -
Lateral Boundary Mean : 1.3704e-005

Experiment ..
P Conditions Std : 0.0055189 :

Adding Gaussian
random noise with
the zero mean and
noise intensity being
5% of the transport
(control run)

Latitude

Adding Gaussian
135°E

random noise with 30°) 135°E 0°
Longitude Longitude

the zero mean and
noise intensity being _
10% of the transport ey o, : 0.02 003
(control run)




Model Errors Due To
Conditions

Open

Model Error
Distribution

* Horizontal
distribution

* Histogram
Relative
Root Mean

Square Error
(RRMSE)

Larger model error
in Run 8.

Model error is
increasing with time.

Bounda

Number of occurrences

inrences

0
-0.01

0
-0.01

; th
X 104 5 Day

(a)
| Total sample : 81730
37568 samples = 0
41364 samples = 0
- STD : 0.0034595

-0.006 0

x 10"

- Total sample : 81730
37758 samples = 0
158 samples™

STD : 0.0059358

-0.005 0 0.005
Model Error ( m/s )

0.01

10" 180" Day

(a)
Total sample : 81730
142352 samples = 0
38146 samples =0
- STD : 0.0051364

0
-0.01  -0.005 0

15000

(b)
Total sample : 81730
10000 42759 samples > 0

935 samples™=
< STD : 0.0075832

5000¢

0
-0.01  -0.005 0 0.005

Model Error ( m/s )




Model Errors Due To
Open Boundary Conditions

The 180" D
e Model Error e ! ay!
Distribution = : I% :

e Relative
Square Error s .14 [aw

Y| In Run 8

(RRMSE)

* Vertical
Variation

* Temporal
Evolution

o
.

Larger model error in
Run 8.

(=]
(%)

I
Effects to the horizontal

velocity prediction are

0 g 100 120 140
qulte SIgnlﬁcant' Time after model integration (Days)

RRMSE of V
o o
= Lo




Model Errors Due To
Combined Uncertaint

Model Error
Distribution
* Horizontal

distribution

Larger model error
in Run 11.

conditions Jorcing I
Conditions

(Diag) | with 1.0
¥0 TV 30D m/s noise Same as
SO JD180> Run-0

0= Sipiso intensity

with noise
intensity
being 10%
of the
transport

o (Diag)
V,=V ,

0 30D Same as
o= Tip1so> Run-0
So=Sip1so

with noise
with 1.0 intensity
m/s noise | being 10%
intensity | of the
transport

o (Diag)
=V s

30D

Latitude

Latitude

Latitude

5" Day

180" Day

(a);Max 1 0.054277
‘Min : —0.062264
‘Mean : 0.0014517
Std : 0.01508

(a) Max : 0.042664
Min : —0.037759
Mean : 0.00060193

(b);Max : 0.10902
‘Min : —0.058005
Mean : 0.0011283
Std : 0.014891

(b):ﬂ"lax 1 0.11536
Min : —0.12089
Mean : 0.00037441

)fMax : 0.10593
‘Min : —0.062864
‘Mean : 0.0014561
Std : 0.015937

)jMax 1 0.12156
Min : —0.10495
Mean : 0.00098473

135°E
Longitude

135°E
Longitude

0.03




Model Errors Due To
Combined Uncertaint

e Model Error
Distribution

* Horizontal
distribution

* Histogram

e Relative
Root Mean
Square Error
(RRMSE)

Larger model error
in Run 11.

Model error is
decreasing with time.

INUMDET 01 OCCUITENCES INUMmper Or OCCUITences

NUMDET 01 OCCUITENCES

x 10 5™ Day

(a)
F Total sample 1 81730
42325 samples > 0
F 39248 samples < 0

STD : 0.025789

x 10" 180" Day

(a)
F Total sample : 81730
39918 samples = 0
F 41255 samples < 0

STD : 0.017364

(b)
Total sample : 81730
-42451 samples = 0
39153 samples = 0
FSTD @ 0.021884

| ()
Total sample 1 81730
| 43440 samples = 0
37521 samples < 0
FSTD : 0.010135

(<)
Total sample : 81730
J >0
39383 samples =
FSTD @ 0.026311

-0.05 0 0.05
Model Error ( mis )

A1

x 10*

(c)
F Total sample - 81730
>0
F 39061 samples <
STD : 0.01848

-0.05 0 0.05
Model Error ( m/s )




Model Errors Due To
Combined Uncertaint

Model Error
Distribution

RGIETNYE
Root Mean
Square Error
(RRMSE)

* Vertical
Variation

* Temporal
Evolution

Larger model error in
Run 11.

Effects to the horizontal
velocity prediction are
quite significant.

Sigma Depth (level)

The 180™ Day |

| In Run 11

Sigma Depth {level)

0.5

RRMSE of WV

RRMSE of V

100 120 140
Time after model integration (Days)




Conclusions

For uncertain velocity initial conditions :
The model errors decreases with time.

The model errors with and without diagnostic initialization
are quite comparable and significant.

The magnitude of model errors is less dependent on the
diagnostic initialization period no matter 1t is 30 day,60 day

or 90 day.

Vertically

averaged Max. RRMSE
Experiment RRMSE

Max. 5t Day 180" Day

For uncertain
velocity initial 50%
conditions

T70% near the | 25% near the
surface surface
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Conclusions

For uncertain wind forcing :
> The model error increases with time and noise intensity.

Experiment

Vertically
averaged
RRMSE

Max. RRMSE

St Day 180t Day

For 0.5 m/s
noise intensity

35% near the | 50% near the
surface surface

For 1.0 m/s
noise intensity

60% near the | 80% near the
surface surface
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Conclusions

For uncertain lateral boundary transport :
> The model error increases with time and noise intensity.

Experiment

Vertically
averaged
RRMSE

Max. RRMSE

5t Day

180" Day

For noise
intensity as 5%
of transport

14% near the

bottom

18% near the

bottom

For noise
intensity as 10%
of transport

24% near the

bottom

28% near the

bottom




Conclusions
For combined uncertainty :

Experiment

Vertically
averaged RRMSE

Max. RRMSE

Min. Max.

5t Day

180 Day

For uncertain initial
condition and wind

forcing

20%

52%

70% near

the surface

77% near

the surface

For uncertain initial
condition and lateral

boundary transport

65% near
the bottom

35% near
the bottom

For uncertain initial
condition, wind
forcing and lateral

boundary transport

73% near

the surface

78% near

the surface
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Thank you !!
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